Objective: The objective of this analysis was to test the validity of the estimates of energy expenditure and sedentary lifestyle obtained through a self-administered questionnaire of physical activity for Spanish-speaking people adapted from US questionnaires (Nurses' Health Study and Health Professionals' Follow-up Study) using a triaxial accelerometer (RT3 Triaxial Research Tracker) as the reference. Design and setting: Validation study, calculating the non-parametric correlation coefficients between the level of physical activity and sedentary lifestyle collected by the self-administered questionnaire and the triaxial accelerometer measurements. Percentage of misclassification and kappa coefficients were also calculated. Subjects: The study population consisted of a sample of 40 obese women who were participants of the SUN (Seguimiento Universidad de Navarra) project (a prospective cohort study among Spanish university alumni). They were selected because of their peculiar metabolic characteristics, in the search for a sub-optimal scenario for validity.
The influence of physical activity on several chronic diseases has been assessed in different epidemiological studies. Thus, physical activity has been associated with lower risk of coronary heart disease 1 , diabetes 2 , cancer 3, 4 and other diseases and conditions such as the modification of glucose tolerance level, insulin sensitivity or lipid profile 5 . An accurate measurement of physical activity in epidemiological research is crucial to determine its potential benefits on health.
Several different techniques have been used to assess physical activity, such as questionnaires, diaries, 7-day recall, movement sensors and doubly labelled water. Most of these methods calculate the energy expenditure associated with the activity. Questionnaires are the most widely used method to obtain information on physical activity, owing to their low cost, simplicity and briefness 6 . The Nurses' Health Study and the Health Professionals' Follow-up Study used validated questionnaires to determine physical activity in large cohort studies based on North American populations 7, 8 . However, no Spanish versions of these instruments have been validated so far.
The objective of the present analysis was to test the validity of the estimates of energy expenditure and sedentary lifestyle obtained through a self-administered physical activity questionnaire used in Spanish-speaking populations and previously adapted from US questionnaires 7, 8 .
Subjects and methods
The Spanish physical activity questionnaire used in this study has been adapted from those used in two large American cohorts, the Nurses' Health Study and the Health Professionals' Follow-up Study 7, 8 . In those studies physical activity was determined through validated questionnaires mailed to participants.
The first part of the Spanish version of the questionnaire consisted of questions about participation in 17 different activities during leisure time ( Fig. 1 ) and time spent on each (obtained through 10 categories ranging between 'never' and '11 or more hours per week') 9 .
The second part of the questionnaire included questions about the number of hours spent in sedentary activities (watching television, sitting in front of a computer, driving, total time sitting, sleeping, sunbathing in summer, sunbathing in winter, going out with friends) and indicators of physical activity at work (standing, housework, work activities more intense than standing).
The number of months a year that every activity was performed was also asked, due to the seasonal practice of some activities (skiing, swimming, etc.). The options given were 'less than 3 months', '3 to 6 months' and 'more than 6 months'.
The number of METs (metabolic equivalents) corresponding to each activity were calculated using the Compendium of Physical Activities 10 as the ratio of energy expended during a physical activity to the metabolic rate of sitting quietly. Afterwards, the number of METs in each activity was multiplied by the weekly participation in that activity 11, 12 . The estimated number of MET-h week 21 was weighted according to the number of months dedicated to each activity. Recreational physical activity was quantified by summing the MET-h week 21 dedicated to all activities performed during leisure time.
Total physical activity (MET-h week
21
) was calculated by adding leisure-time physical activity to work physical activity.
A sedentary lifestyle index was calculated using the sedentary lifestyle indicators included in the questionnaire for a typical work day and for a typical weekend day. A sedentary lifestyle was defined based on the total number of hours spent sitting down per week 12 . The number of hours sitting down per week was estimated by multiplying by 5 the hours sitting down in a typical weekday and adding twice the average estimate for a typical weekend day. A relative index of sedentary lifestyle was calculated for each participant, assigning the 100% to the most sedentary participant and classifying the rest of the participants according to that value (sedentary lifestyle percentage). In the same way, the most active participant (MET-h week 21 ) was assigned 100% and the relative energy expenditure for the remaining participants was calculated as a proportion of this total (total activity percentage). The ratio % sedentary lifestyle (h week 21 )/% total activity was also calculated and expressed as METh week
. In the validation study of the Spanish physical activity questionnaire, a triaxial accelerometer was used as gold standard. The RT3 (Triaxial Research Tracker; Stayhealthy Inc., Monrovia, CA, USA) is a triaxial accelerometer consisting of three ceramic components orthogonally assembled. Once adjusted to the body, every time the subject moves, the RT3 objectively detects and measures the frequency and magnitude of accelerations and decelerations in 1 min intervals in three axis: forwards and backwards (x), side to side (y) and up and down (z). The kinetic energy is converted into electrical energy transferred to the microprocessor, which translates it into vector magnitude (Vmag) and kilocalories. Using several equations, the vector values are converted into energy expenditure to calculate the physical activity energy expenditure 13 . Different studies have validated the results obtained with the triaxial accelerometer using the doubly labelled water method and with indirect calorimetry condition in humans under normal lifestyle 14 .
For the validation study, a sample of obese women with low educational level was selected, searching for a suboptimal scenario for validity given the fact that if validity was demonstrated in a sub-optimal scenario, it would be higher when applying the questionnaire to other populations with better basal conditions (higher between-subject variability and better understanding of the questionnaire). A sample of 40 obese women was selected (body mass index (BMI) . 29.5 kg m 22 ). Only 25% of them had attained college level of education, and 41% of them had achieved primary studies or less. None of participants suffered from any known endocrine or metabolic disease, or were taking any drug known to affect the basal metabolic rate. All volunteers were selected according to the following inclusion criteria: being a woman, aged 20-50 years, obese 15 with BMI equal to or greater than 29.5 kg m
22
, in premenopausal stage with regular menstruation and with stable weight (^3 kg in the last 3 months).
Participants suffering from high blood pressure, diabetes mellitus, drug-treated hyperlipidaemia and/or thyroid disease, surgery-treated obesity, pregnant, with high intake of alcoholic drinks or drugs, or those who had participated in a clinical trial or nutritional intervention trial in the last 3 months were excluded from the study.
The participants were met to calibrate the RT3, put it on, and to explain to them how to use it. The accelerometer was put on the participant's waist and connected. From this moment the RT3 recorded all movements made until data were unloaded with the RT3 Assist Software, and the participant was unable to stop it. The device can store data for 2 weeks.
The participants wore the RT3 for 3 days in a typical week and 2 days at the weekend. They could take it off for sleeping at night and for hygiene.
All participants had previously completed the selfadministered physical activity questionnaire. The questionnaire was included in a group of questionnaires on diet, healthy habits and lifestyle. They were informed that the aim of the study was to evaluate with different methods their physical activity level and other aspects of diet and lifestyle, so they should keep their normal habits while wearing the device. However, they were not informed about the future correlation between their answers to the questionnaire and the data from the RT3.
Body composition was determined by anthropometric measures including weight, height, hip-to-waist ratio, body composition indices and bioimpedance measures. Mean (standard deviation, SD) BMI was 37.2 (6.1) kg m
. )/% total activity, as explained above. Participants were categorised into quintiles of physical activity and sedentary lifestyle according to the measurements from the self-administered questionnaire and from the accelerometer (RT3). The percentage of misclassification due to the use of the questionnaire was also estimated. A participant was considered as misclassified if the difference in classification by questionnaire and by the gold-standard method was higher than two quintiles.
Statistical analysis
The agreement between the physical activity/sedentary lifestyle category obtained with the questionnaire and the energy expenditure obtained with the triaxial accelerometer was assessed by calculating the kappa coefficient for the cross-classification in quintiles according to both methods. In addition, medium-or high-intensity physical activity was considered if energy expenditure was in the two higher quintiles or the ratio % sedentary lifestyle (h week
21
)/% total activity (MET-h week 21 ) obtained with the questionnaire was in the two lower quintiles. A woman was considered as sedentary if she was in the two lower quintiles of energy expenditure or in the two higher quintiles of the ratio % sedentary lifestyle (h week 21 )/% total activity (MET-h week
). Kappa indices were also estimated using these dichotomous classifications.
Results
The mean age of the volunteers was 34.3 (SD 7.1) years, with a maximum of 50 years and a minimum of 20 years. Table 1 shows the main characteristics associated with body composition of the participants. Table 2 shows the estimations of physical activity obtained through the self-administered questionnaire and the triaxial accelerometer, and also the estimation of a sedentary lifestyle. The mean of MET-h week 21 during leisure time was 6.9 (SD 9.5), and 145. Table 3 shows non-parametric Spearman correlation coefficients (r) and their 95% confidence intervals (CIs) obtained between the possible combinations of physical activity and/or sedentary lifestyle obtained through the questionnaire and energy expenditure determined through the accelerometer (reference method).
We found a linear direct association between total METh week 21 Table 4 shows the distribution of participants in each of the quintiles of the ratio % sedentary lifestyle/% total activity and in each of the quintiles of physical activity obtained through the accelerometer.
Forty per cent of the women were correctly classified by the physical activity questionnaire. Twenty five per cent of them were classified in the adjacent quintile compared with the objective measure of the RT3. Only 2.5% of participants were misclassified (i.e. classified two quintiles away from the measure obtained with the accelerometer).
The kappa coefficient for the concordance between the information obtained with the questionnaire and the reference method was 0.405 (P ¼ 0.01) for the dichotomous estimation of a sedentary lifestyle (last two quintiles of the ratio % sedentary lifestyle/% total physical activity or first two quintiles of the reference energy expenditure). For the dichotomous estimation of moderate-and high-intensity physical activity (first two quintiles of the ratio % sedentary lifestyle/% total physical activity or last two quintiles of the reference energy expenditure) the kappa coefficient was 0.286 (P ¼ 0.069). Using the full cross-classification in quintiles (five categories for each measurement, Table 4), the kappa index was 0.249 (P ¼ 0.002).
Discussion
This validation study in Spain of the self-administered questionnaires used in the widely known American cohorts (Nurses' Health Study, Health Professionals' Follow-up Study) offers some advantages. First, we have validated an instrument for its use in Spanish-speaking populations that have previous positive experience and have been widely used with success in physical activity epidemiology. Second, the reference method for the validation was a triaxial accelerometer, an objective method whose errors are not correlated with the errors of the questionnaire. Third, an acceptable correlation for leisure-time physical activity, total physical activity, for the sedentary lifestyle index and for the ratio % sedentary lifestyle/% total physical activity was found. Finally, this questionnaire can be used in large epidemiological studies consisting of consecutive measures since it can be answered quickly and requires little collaboration by the patient. The correlations between the estimates obtained by the questionnaire and the objective measurement (triaxial accelerometer) for physical activity were similar to those found when validating food-frequency questionnaires 16 .
To validate physical activity questionnaires in large American cohorts, daily records and 7-day recalls have been used instead of the triaxial accelerometer or other measurements that are highly independent of the ability of the patient to recall or to collaborate. The correlation coefficients between questionnaires and daily records for total moderate and vigorous physical activity were 0.62 in the Nurses' Health Study and 0.58 for vigorous activity and 0.28 for non-vigorous activity in the Health Professionals' Follow-Up Study 17 . Thus, the correlation coefficients found in our study are similar to the coefficients obtained in the validation studies conducted in the USA 7, 8 . The selection of a reference method in validation studies is crucial. The most accurate for determining physical activity energy expenditure is the doubly labelled water method, although its high cost and complexity make it unaffordable and infeasible for large studies.
It is essential that the errors of measure of the reference method are independent of the errors of the method in validation. The use of 7-day recalls and daily records has shown good results in several studies 7, 8, 18 , but they depend on the willingness to collaborate and/or memory of the participants, so they can show questionnaire-related measurement errors.
For all these reasons it is preferable to use a reference method that is as objective and independent as possible.
Some studies have shown the validity and reliability of data from movement sensors 6 , under both controlled conditions 19, 20 and real conditions 21 . They have the advantage of being independent of memory and written records of the participants, and therefore their errors are quite independent of those of the questionnaire. However, so far, very few studies have validated physical activity frequency questionnaires by this method 22 -27 . In a previous validation study of a self-administered questionnaire to assess physical activity during a typical weekday, including sleeping, work and leisure time, no significant correlations were found between the number of METs and the activity measured with a triaxial accelerometer (Computer Science Application, CSA), either in men (Spearman's r ¼ 0.05) or women (Spearman's r ¼ 0.31) 22 . Nevertheless, Ainsworth et al. 23 found a modest but significant (P , 0.001) correlation when comparing values from a uniaxial accelerometer (CSA) with estimations from a physical activity questionnaire for moderate-, high-or very high-intensity activities (Spearman's r ¼ 0.30-0.33).
The same results were found (around 0.30) in the validation study of the IPAQ (International Physical Activity Questionnaire) 24 . Validation and reliability of this questionnaire were performed through the collaboration of 14 participant centres from 12 different countries. Correlation coefficients were calculated for the practice of any physical activity and for a sedentary lifestyle, defined as the total number of hours spent sitting down. The objective measure in this case was a uniaxial accelerometer (CSA).
The correlations obtained in our study were higher than those mentioned above and also recently reported correlations in the USA, where a study used a uniaxial accelerometer as the reference method to validate physical to 0.23 -0.28. This is probably due to the fact that obese and overweight women are less likely to engage in vigorous physical activities, thus decreasing the betweensubject variability. If the between-subject variability decreases, the capability to detect correlation between methods also decreases. Consequently, our results must be interpreted with care as an underestimation of the true validity, taking into account that the selected sample represents a sub-optimal scenario to find high correlations.
On the other hand, several studies have suggested that triaxial accelerometers obtain better estimations than uniaxial accelerometers, since under normal conditions individuals make multidirectional movements 14, 20, 28 . This, together with the proper adaptation of the questionnaire to the Spanish population, is one reason that could explain our good results.
Although the RT3 has been used to validate a telephone version of a 7-day recall 29 , to our knowledge this is the first study validating a self-administered questionnaire by using a triaxial accelerometer. The validation of the 7-day recall found higher correlations for physically intense or very intense activities. The correlation coefficients between the 7-day recall and the estimations of the triaxial accelerometer were 0.41 for total activity, 0.33 for moderate activity, 0.43 for intense activity and 0.74 for very intense activity 29 .
The low level of physical activity during leisure time observed in the women of the present validation sample is somewhat surprising. Their occupations were sedentary. In addition, the level of leisure-time physical activity in Spanish women is low relatively compared with other European countries as shown by comparative studies 11 . Among women with higher physical activity during leisure time, we would very likely have found better measurement and classification by the questionnaire because of increased between-subject variability. Therefore, obese sedentary women represent a sub-optimal scenario for validity, because of the lower between-subject variability that is usually found among them. Twenty-five per cent of the participants in our sample had attained college level of education and it is likely that validity may be higher among adults with a higher educational level. However, this questionnaire is currently used in the SUN cohort, where all participants have a very high level of education 9, 30, 31 . Another possible limitation of our study is that the sample was limited to adult women aged 20 -50 years, and we acknowledge that there is no Spanish validation for men, children or women over 50 years old. This fact limits the generalisability of our findings to other demographic groups.
Further limitations can derive from different ways of using the device. The accelerometer was placed on the waist, and this could represent a potential problem for activities requiring mainly waist movement. Some authors criticise the use of accelerometers to estimate energy expenditure, arguing that accelerometers underestimate energy expenditure from low-intensity activities or from activities related with static exercise (weightlifting, exercise bike, water activities or movements of the upper limbs) 20,32 -34 . Leenders et al. 32 suggested that the mean energy expenditure from physical activity measured with triaxial (RT3) or uniaxial devices was 35 -59% lower than the estimation of the doubly labelled water method. However, the same authors consider them suitable for physical activity patterns that cannot be measured with doubly labelled water.
Although participants were instructed to wear the accelerometer for the whole day (except for sleeping and hygiene), we cannot exclude failure to comply with the instructions, which would lead to an underestimation of physical activity. Nevertheless, mistakes correlated with questionnaires of frequency and length of activity are less frequent among objective measures of physical activity obtained with a triaxial accelerometer, thus representing an ideal reference method against which to compare the questionnaire 35, 36 . A recent review has analysed the validity and reliability of values obtained through seven different auto-referred physical activity measurements. Reliability coefficients ranged between 0.34 and 0.89, and validity coefficients were 0.14 to 0.53 37 . Therefore our estimations are acceptable (kappa index ¼ 0.405 and Spearman's r ¼ 2 0.578 for the ratio % sedentary lifestyle/% total physical activity).
In conclusion, the results of this analysis demonstrate the validity of this self-administered questionnaire about physical activity in Spanish-speaking women aged 20 -50 years. The estimates reported here support the use of this questionnaire in epidemiological studies that include Spanish-speaking subjects. Overall kappa index ¼ 0.249 (P ¼ 0.002).
